Background: Stomach cancer is an important health problem in Brazil, with an estimated 20 000 new cases per year and it was the most frequent cancer site in men and the third most frequent site in women in São Paulo in 1993. Nevertheless, there are no reports of analytical epidemiological study on stomach cancer in Brazil. Methods: A hospital-based case-control study was conducted among Brazilian residents with a non-Japanese background in the city; 236 consecutive cases of histologically confirmed stomach cancer were matched to the same number of controls admitted for non-neoplastic diseases by age (± ± ± ±5 years) and gender. The socio-demographic characteristics, personal and family medical history, lifetime history of tobacco use and dietary habits were determined by interview using a structured questionnaire. Results: Non-white race, lower educational background and lower family income were more frequent in stomach cancer patients. After adjustment for race and educational background, cigarette smoking, frequent use of oil and frequent consumption of egg were significantly associated with increased risk of stomach cancer, while frequent consumption of fruit and vegetables decreased the risk. These associations did not change substantially after mutual adjustment of the other variables. Conclusions: The present study confirmed that low socio-economic status, cigarette smoking and low consumption of fruit and vegetables were risk factors of stomach cancer in São Paulo, Brazil.
INTRODUCTION
According to recent estimates, approximately 20 350 new stomach cancer cases occurred in Brazil in 1999, ranking it as the third most frequent cancer following breast and uterine cervix cancers (Ministry of Health, Brazil, 1999). The world agestandardized incidence rates for stomach cancer in the city of São Paulo was 39.3 (per 100 000) for men and 15.5 for women in 1993 (1) , classifying it as one of the high-risk areas in the world (2) . Geographic variations within Brazil are described, ranging from 42.0 (men) and 16 .0 (women) in Belem 1989-91 to 19.2 (men) and 10.6 (women) in Goiania 1990-1993 (2) . However, to our knowledge, there is no report on risk factors of this cancer in Brazil.
Migrant studies, especially on Japanese immigrants to Brazil, have shown only a slight decrease in incidence of stomach cancer compared with Japanese living in Japan, which is in contrast to the decreasing incidence rate for stomach cancer found among Japanese Americans (3) . Such findings are consistent with the occurrence of this type of cancer in the host countries, Brazil and USA, respectively, with high and low incidence rates.
In this study, we investigated the association between stomach cancer and potential risk factors through a hospital-based case-control study in the city of São Paulo. We conducted this study among Brazilian patients of non-Japanese origin, using the same methodology as carried out among Japanese Brazilians (see pages 284-290).
SUBJECTS AND METHODS
This hospital-based case-control study was conducted in the city of São Paulo from June 1991 to June 1994, in order to investigate potential risk factors for stomach cancer in nonJapanese Brazilians. Eligible case and control patients were living in São Paulo city without any Asian background.
CASES
Of the 250 Brazilians patients from 13 collaborating hospitals, of non-Japanese origin, 14 cases were excluded because histological diagnosis did not confirm malignant carcinoma. A total of 236 patients, comprising 170 men and 66 women, aged from 40 to 79 years were eligible as stomach cancer cases. There were no refusals to be interviewed among the cases.
CONTROLS
We selected one control for each case, matching for gender and age within 5 years and cancer-free subjects. Control patients were preferentially selected in the same hospitals as the index cases. In only one hospital, a specialized cancer unit, the controls were selected from a neighboring public hospital. Brazilian controls had a refusal rate to interview of 8.4% (23 subjects), the main reason being rejection of donating blood samples to the study. A total of 236 non-Japanese Brazilian controls, comprising 235 inpatients and one outpatient, were eligible as matched controls. The main reason for hospital admission included infectious disease (10), metabolic disease (3), neurological disease (7), cardiovascular disease (67), respiratory disease (15) , gastritis (3), other digestive and abdominal diseases (75), urinary disease (4), dermatological disease (1), musculo-skeletal disease (17) , trauma (31) and others (2) .
INTERVIEWS
Prior to the interview, a signed informed consent was obtained from cases and controls, assuring their voluntary participation in this study and the confidentiality of all information obtained. All subjects underwent a structured interview by a trained nurse and the same nurse interviewed each matched pair. A structured questionnaire included personal, social and demographic characteristics, personal and family medical history, lifetime history of tobacco and alcohol use and past dietary habits based on frequency of consumption for about 30 common food items. All participants were interviewed for ~50 min and one of the authors visited the interview site and monitored regularly to assure uniformity in the inquiry, especially between cases and controls. At the end of the interview, 15 ml of blood were collected for further analysis of selected biomarkers in order to assess pepsinogen I and II serum levels and Helicobactor pylori antibody and genetic polymorphism of metabolizing enzyme for nitrosamine (e.g. cytochrome P450IIE1). Parts of these analyses have been published elsewhere (4-6).
STATISTICAL ANALYSIS
Crude and adjusted odds ratios (OR) and their respective 95% confidence intervals (95% CI) were estimated for each exposure using conditional logistic regression analysis (7) . Cumulative exposure to tobacco smoking was expressed in pack-years defined as cumulative exposure equivalent to packs smoked per day times the number of years of smoking. We considered the equivalence of 20 commercially manufactured cigarettes (one pack) with four hand-rolled black tobacco cigarettes or four cigars or five pipefuls of regular pipe tobacco (8) . The lifetime alcohol consumption were calculated in terms of grams of ethanol consumed assuming the following alcoholic concentration: beer 5%, wine 10%, hard liquor 50% and cachaça (pinga, a spirit distilled from sugar cane) 50%. The daily amount of ethanol (g) was combined with frequency and years of drinking into a synthetic index. Diet was assessed with food frequency questions which were categorized into four categories: less than once a week, 1-2 days a week, 3-4 days a week and daily.
RESULTS
The distribution of socio-economic and demographic factors of patients among stomach cancer cases and controls is shown in Table 1 . Non-white race was more frequent among stomach cancer patients. Cases had significantly lower education level and lower family income than controls. Since family income was correlated with educational level (Spearman correlation = 0.41) and there were substantial percentages of unknown answers, educational level (illiterate, primary or secondary/ university) as well as race (white or non-white) was included in the subsequent analyses for statistical adjustment. Table 2 shows the association with smoking and alcohol drinking. Overall risk was increased among current cigarette smokers (OR = 1.7; 95% CI = 1.1-2.7 after adjustment for race and education, OR = 1.6; 95% CI = 1.0-2.6 after further adjustment for fruit and other vegetable intake) with no excess risk for ex-smokers. The associations were similar when the analysis was restricted to men. The increased lifetime consumption (pack-years) was associated with increased risk (P for trend = 0.004 and 0.008, respectively). All types of tobacco products as a whole were associated with stomach cancer, showing a significant increase in risk among those smoking more than 30 pack-years. The use of manufactured cigarettes was the most common form of tobacco consumption, with few subjects smoking hand-rolled black tobacco cigarettes, cigars or pipe. Frequency of alcohol drinking or the lifetime amounts of alco-hol consumption were both not associated with stomach cancer risk, as shown in Table 2 . The associations did not change when the analysis was restricted to men.
Diet was assessed using a food frequency questionnaire, with the main results presented in Table 3 . A reduction in risk was associated with daily consumption of fresh fruit compared with those eating less than once a week with an OR = 0.4 (95% CI = 0.2-0.8), with a dose-response relationship (P for trend = 0.005). Although the association was slightly attenuated after further adjustment for smoking and consumption of other vegetables consisting of those except green and yellow vegetables, a dose-response reduction in risk was observed (P = 0.08) with increase in fruit consumption. Daily yellow vegetables consumption and the group of other vegetables were protective with the same magnitude of risk reduction (OR = 0.4, 95% CI = 0.2-0.8 for both vegetable groups) with a statistically significant trend (P = 0.04 for yellow vegetables and 0.004 for other vegetables). The observed associations were slightly attenuated after further adjustment for smoking and fruit; however, daily consumptions were still significantly associated with reduced risk of stomach cancer (OR = 0.5, 95% CI = 0.3-0.99 for yellow vegetables, OR = 0.5, 95% CI = 0.3-0.97 for other vegetables).
We explored the habit of adding salt to the food or a preference for salty food and the results showed there was no association with stomach cancer (data not shown) and a positive relation was obtained for daily oil use compared with less than once per week and the OR was 1.9 (95% CI = 1.0-3.5) (P for trend = 0.008) and 2.7 (95% CI = 1.5-4.9) (P for trend <0.001) for daily egg consumption. The positive associations of these two factors became more evident after further adjustment for smoking and consumption of fruit and other vegetables (OR = 2.3, 95% CI = 1.2-4.5 for a daily oil use, OR = 3.2, 95% CI = 1.7-6.0 for daily egg consumption.
The OR for family history of stomach/duodenal ulcer was 2.1 (95% CI = 1.2-3.5) and 3.1 (95% CI = 0.95-10.0) for the family history of stomach cancer. The observed associations were both slightly attenuated after further adjustment for smoking and consumption of fruit and other vegetables (OR = 1.8, 95% CI = 1.0-3.2 and OR = 2.7 and 95% CI = 0.8-9.0, respectively).
DISCUSSION
The aim of this study was to investigate the effects of selected risk factors for stomach cancer with emphasis on diet, smoking habits and alcohol consumption. Our target population shows (9) (10) (11) (12) , evidence from case-control studies is abundant although less consistent, some showing positive results with a significant dose-response relationship (13, 14) and others not (15) (16) (17) . In this study an excess risk of stomach cancer was observed among current smokers, with a significant dose-response relationship regarding lifetime consumption. This suggests that a positive, although not strong, association may exist between cigarette smoking and stomach cancer risk.
In our study, in which cachaça was the most frequently consumed, intake of alcohol beverages was not related to any Table 3 . Odds ratio (OR) and 95% confidence interval (CI) for stomach cancer in relation to selected dietary variables for Brazilians living in São Paulo, Brazil *Values obtained using conditional logistic regression analysis adjusted for race (white or non-white) and education (illiterate, primary or secondary/university). † Further adjusted for smoking (non-smoker, ex-smoker, current smoker) and fruit and other vegetable intake (four frequency categories). increased risk of stomach cancer, in line with many recent studies (9, 13, 18, 19) . Only a few studies have evaluated a significant association between alcohol drinking and stomach cancer risk (15, 16, 20) . In most of these studies, the type of alcoholic beverage responsible for the increased or decreased risk was different: wine and liquor (16) or vodka (20) . Thus far, the causal role of alcoholic beverages in stomach carcinogenesis is not yet established.
We examined the effect of certain groups of food rather than nutrients and we were able to detect the protective effects of fruit and three (green, yellow and other) types of vegetable consumption, although that of green vegetables was not statistically significant. These findings are consistent with a large number of epidemiological studies (21) (22) (23) and prevention of stomach cancer by an increase in fruit and vegetable consumption must be plausible in Brazil with relatively high incidence and mortality (2) . Unexpected findings were increased risk in oil use and egg consumption and these associations did not change even after adjustment for smoking, fruit and other vegetable intake. One possibility is chance finding and this aspect needs further studies.
The reverse association was found with two indices of socio-economic factor: educational level and family income. Although low socio-economic status itself would not increase the risk of stomach cancer, it can be associated with various presumed risk factors such as salted food intake (24) or infection with Helicobacter pylori (25) . Therefore, we included a variable of educational background as an index of socio-economic factor as well as race in the model of conditional logistic analysis for adjusting possible confounding factors. Moreover, Brazilians with very low family incomes may not be patients with non-fatal diseases and therefore less likely to be controls in a study such as this.
Selection bias is always of critical importance in case-control studies, especially when hospital-based. A large number of controls in this study were patients admitted with cardiovascular disease (n = 67) and abdominal disease (n = 75). Although exclusion of each disease group from controls did not substantially change the observed findings, the limitations of casecontrol studies should be acknowledged and the findings treated with caution.
In summary, the present case-control study of stomach cancer confirmed that low socio-economic status, cigarette smoking and low consumption of fruit and vegetables were risk factors of stomach cancer in São Paulo, Brazil. Egg and oil consumption were found to be associated with increased risk.
